. Evolution of YS of the RS+PHT processed A356 alloys subjected to solid solution treatment at 813 K (a), and artificial aging at 453 K (b). It is shown that the efficiency of T6 heat treatment is enhanced by increasing the cooling rate upon RS. Figure S5 . Typical true stress-strain curves converted from the engineering stress-strain curves and the corresponding to work hardening rate curves of the solid solution treated A356 alloys with respect to different cooling rates up RS. It is shown that with increasing the cooling rate upon RS, working hardening of the alloys is enhanced. Figure S6 . (a) Measured engineering stress-strain curves of the RS+PHT processed A356 alloy subjected to multiple cold rolling and subsequent T6 heat treatment. (b) Photographs of the sample subjected to multiple cold rolling show that the RS+PHT processed A356 alloy exhibits a remarkable workability.
Movie legends：
Movie S1. Interaction of dislocations of Al dendrites with the nanoscale Si particles, showing that upon deformation the dislocation is blocked and pinned by the Si particles. The white arrows point at three nanoscale Si particles.
Movie S2. Dislocation activities in a region of Al dendrites subjected to intensive plastic deformation, showing that in an area free of nanoscale Si particles (circled by the white solid line), the dislocations slip easily through the Al matrix; in an area decorated by Si particles (circled by the white dash line), the storage of dislocations by these particles occur, whereas the dislocation activities are still quite active.
